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Separation of Aliphatic Alcohols by

Liquid Chromatography

by T. Gnanasambandan and H., Freiser
Department of Chemistry
University of Arizons

Tucson, AZ 85721

ABSTRACT
Using the cationic dye,methylerne blue (as the

chloride sa3lt) to enhance the sernsitivity of detection of
species not possessing chromophores as 3 10'4M component of a
methanol/water mobile phase, & series of alcohols from ethanol
to t-pentanol were separéted on Fartisil ODS with good baseline
separation at submicrogram levels usine spectrophotometric
detection at 651 nm. A retention model based on dye-slcohol
complex formation and equilibrium partitioning of these species

is advanced.
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During the course of study of reversed phase paired ion
partition chromatography, we observed that neutrsl substances
such as aliphatic 8lcohols, esters, ketones, ete., underqo
chromatographic separation in some as yet undefined association
with the ion-pair.

Using the cationic dye, methylene blue (as the chloride

salt) to enhance the sensitivity of detection of'épecies not

RSV e




et oW B -

Po sessing chromophores as a 10-4M component of a methanol/water
mobile phase, a series of alcohols from ethanol to t-Fentanol
were separated on Partisil ODS with Qood baseline separation
(Fig. 1) at submicroaram levels using spectrophotometric

detection at 65inm (1), ;

.,

In order to fully exploit this novel method of separation
and detection of oreanic neuvtrals, it is necessary to studyg the
characteristics of the process involved and to elucidate the
underlyinag principles. This report describes our investigation

of the phenomena.,

EXPERIMENTAL SECTION

Materials! The alcohols, ethanol, propanols, butanols and the
amyl alcohols, used for the study were obtained from various
souces, (Baker Analyzed Fisher Scientific) and were used as
received, Deionized water and methanol were used for all mobile
phase preparations.
Methylene blue - S / ;,\2:3 C'I-!

) : |

CH3 N Z |

MW, 373.9, Baker analyzed was used 3s received,

dpparatus! A modular, hiah performance liquid chromatograph,
comsisting of an Altex pump (Model 110A), & variable wave
lengqth, u.,v. visible detector (Schoeffel Model Sf 770

Spectroflow), 8 refractive index detector (Showa benko K.Ke

Shodex RI Model SE-11) and a strip chart recorder (Linear
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Instruments Model 261M/M) was used. The sample injector was
IQpL loop injector (Spectra physicse Rotary valve injector

SP-419-0410) .

Mobile Fhase! The mobile phases coansisted of 1.0%10'4 M
methylene blue in variows mixtures of degassed methanol and

water ranging from S to 80 volume percent metharol.

Coiﬁnn: A Fartisil-5-0DS (Whatman) 2%cm ¢ 6.26mMm, reported to
be 10X carbon loaded with “95% surface hydroxyl coveraqe was

used, Zorbax 0DS (duPont) 25cm % 4.6Mm calumn was also used.

Conditioning of Column! Eefore use, the columrn was loaded with
methylene blue by passing mobile phase through the column until
an absorbance egquivalent to that of the original mobile phase is
observed. When this plateau or backaground level absorbance is
achieved, samples are introduced. To remove the dye, 3 solution
of 50 volume percent chloroform in methanol is passed through
the column urntil the absorbarce falls to the level of the blank
mobile phase. Altermatively, 10 vol.%Z dimethglsulforide in
methanol couvld be used. Eoth of these solvernt systems

efficiently remove the sorhed methylerne blue,

Analysis Conditions! Samples injected are of 1 vol %Z solutions
of the alcohols in the mobile phase without dye, and are
injected via the 10uL loop sample valve., For the study with the
dye-free column, the sample solutions are of 25 gol 4 solution

in mobile phase. A higher concentration is used bhecause of the
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low sensitivity of the refractive index detector., Mobile phase
composition varied from 90/10 to 30/70 volume ratio
water/metharol. The flow rate through the column was either
0.5mML or 1.0mML per minute.

The capacity factor,k, was calculated as (Vr-Vo)/Vo where
Ur is the apparent retention time volume of the solute and Vo is

the dead volume of the column. For Vo, the reterntion volume of

water was used.

Column efficiency, expressed as the number of theoretical

plates of the column was calculated uwsing the formuls

N=5.54 (t /ws) 2
where tr is the retention time of the solute and wk is
the width of the base at half heiqght. For the Zorba:x column the
solutes chosen were p-kylene, naphthalene and anthracene, and
the mobile phase was 80/20 volume ratio metharol/water. The
study was conducted on the dye-free column, The theoretical
plates before and after use remained to be the same within our

experimental error. The column had 5500::500 Plates.
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RESULTS AND DISCUSSION

Faired ion partition chromatoaraphy has enjoyed a position
of justified prominence in the separation of charged oreanic
species (2-6). The application to the separation of neutral
species, however, first described by us (1), was totally
unanticipated, In fact, neutrals have been used as markers in
paired ion chromatoagraphy to clarify the role of ion paring in
separation of charqged species. HKnox used benzyl alcohol as 3
solute whose v was esstentially unaffected by ion pairing
reaqgents and, therefore, provided s dramatic contrast to the
behavior of ionic species (5).,

Orne of the major aquestions to be answered in order to
understand the nature of these separations is the manner in
which the neutral solutes are associated with the dye im both
mobile and immobile phases., For example, is a dye—-alcohol com-
plex formed or is the excess dye present in the chromatographic
zone because of the local excess alqohol concentration? A com-
parison of the capacity factors for the slcohols obtained both .

in the presence and absence of the dye shows that the same se-

auence is observed in both cases, and further, that the two
sets of capacity factors are linesarly related. The lirnear rela-
tionship of the capacity factors(Figure 2) indicates that the
chromatographic processes are similar. That they canrot be
identical,however,is seern from the different values for the
corresponding capacity factors as well as from the slope of the
lire,1.74,showing the greater separation achieved in the pres-

ence of the dye. Had the species been identical, a slope of
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uriity wowld have been exhibited.

Each of the alcohols studied exhibits 3 lirmneer cslibration
curve(Figure 3),from whose slaope alona with the known value of
the molar absorbance of methylene blue 3 stoichiometric relat-
ionship between alcohol and dye can be estimated. Valuwes of mole
ratios of alcoholildye obtsined in this manner(Table I) are puz-
i zlingQ on two counts. First, the indicated stoichiometry,
psrticularly for the lower alcohols, do riet seem rational.
Second, these ratios vary much more widely than might be
expected from successive members of a homologous series.

The values of the ratios carn be understood, however, if it is

assumed that they resuwlt from complex-forming reactions thast do

rot Qo to completion and which, in the time scale of the

experiment, are rapidly reversible. Inasmuch as the shapes of

the chromatographic curves indicate 3 fairly high column

efficiency and hence,absernce of slow kinetic effects, it seems

reasonable to assume that the dye-alcohol interaction may be

characterized as 38 fairly rapidly established equilibrium ‘
sgyctem.

The following equations serve to represent the phenomena on the

basis of the equilibrium assumption?

[ o -
D,Ci(i) == D,C1 —= D' + Cl (1)
where D represents the methylene blue cation

K
oheici)y + A = DA + C1” (2)

where A represents the alcohol

In the absence of alcohol, the equilibrium described in eqn.l is

i dandse @ BVt
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far to the left. In fact, no appreciable amount of dye remains
in the mobile phase until the column is "saturated" with the
dye.

The distribution of the dye between the immobile and
mobile phases refpresents a partitioning equilibrium far in
favor of the immobile phase. The ratio of the dye
concentrations in the two phases is virtuaslly constant over the

6

range from 1x10 "M to 2x10_4M (mobile phase concentrations).

It is interesting to observe that the immobilized dye at the
higher concentration would represent a thickness of
approximately 0.02 monolayers if the distribution were
interpreted 2s adsorption. Thus, our results would indicate
that the distribution is more akin to liquid-liquid partition
chromatoaraphy. It showld be noted that, in the polar mobile
phase, at the low dye concentrations emploged, it may be assumed
that virtually total dissociation of the ion pair occurs,

As indicated by ean.2, the alcohol will react with
immobilized dye, possibly in the immobilized phase; to form 2
complex species of areater column affinity than itself( zs shown
by the higher k’ valuwes of the complex)in a rapid equilibrium

fashion, which can be expressed by

K o= mmem——m—ee (3)

[p.c13 [a]

In ean.3, inasmuch as the carncentration of the dye in the

mobile phase remains essentially constant, the value of K is

seen to be proportional to the reciprocal of the mole ratios of




a2lcoholidye summarized in Table 1. Ariother meassure of K is

incorporated in the value of k’,a3 composite of the formation
constant,K, of the complex and its true distribution ratio. The
plauvsibility of this relationship may be seen from Figure 4
where the values of (DA)/(A)(the reciprocal mole ratio) for the
various alcohols are seen to vary limearly with the
corresponding values of the capacity factor.

These results resemble those observed by Schill in paired
iorn solvent extraction (2,7) in which auxilliary solvent
components were found to enhance extractability of ion pairs.
Schill attributed this phenomena to adduct formation in a
formulation quite similar to our equations (2) and (3)., Of
course, in those instances the neutral adducting agents were
vsed at macro concentrations. More recently, Johansson(8)
spplied thise same principle to enhance the retention volumes of
hydrophilic ion pa2irs. Our work would seem the first to
demonistrate that such beahvior camn be observed when the ion
pair, i.e., the dye, if present at concentration levels far in
excess of the neutral species.

Obviously, the methanol in the mobile phase plays a role
in the overall equilibrium aside from its effect on the polarity
of the mobile phase. In fact,this can also be described by
ean.2, since this alcohol competes with the analyte alcohols.
Since the methanol is present in much higher concentration, the
K characterizing the dyeilmethariol complex is far smaller than
that for the others, or the phenomenon would not:be observed.

Also, as expected from this interaction, the methanol level in
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the mobile phase dramatically affects both the amount of dye
immobilized on the colusn (Figure ) and the chromatoagraphic
characteristrics of the other alcohols. As the level of mtharol
increases, both the k’ values (Table 2) and the semsitivity of

detection decrease.

CONCLUSIONS

Reversed phase paired ion partition chromatography
employing 3 highly absorbing dye as one of the ions, not only
offers obvious advantages for determinastion of aliphatic anions
adn cations, but has provided a rovel, highly sensitive method
for alcohols. Calibration curves for samples in the
submicrogram ranee are linear (rel, std. dev. <2%). Values of
capacity factors are found to be reproducible to better than 1%.
The technique is simple, reliable, rapid, and also applicable to
other families of reutral compounds, such as trhe carboxyglic
acids, esters, ketones, etc. The column, once conditioned, can
be used continvwously for several weeks. Moreover, the
reqgernerated column retains its original characteristics, In
addition to column efficiency, the observed k‘ values and
sensitivities remain quantitiatively the same.

The behavior of the alcohols on the dye-containing column
can be attributed to the formation of a3 dye-alchohol complesx
which has a higher k’ than does the alcohol itself. Formation
of the complex occurs in a rapidly reversible equilibirium

fashion characterized by equilibrium constants whose increase

with the distribution ratios of the alcohols indicate that the
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same structural influences are at work in both processes.
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Table 1. Alcohol?! Dye Ratios in Chromatoaraphic Feasks

On Fartisil 0DS-2

ROH ROH/DYE Mole Ratio k.’ ﬁ
Ethanol 15 8
i-Fropanol 5.0 1.8 It
n-Fropanol 3.0 2.2 S
t-Butanol 2.0 3.8 vT
2-Butanol 1.5 S.1 %
n-Butanol 1.0 5.7 "
T-Amyl alcohol 0.5 i0.8
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Table 2. Variation of Capacity Factors

e s i 4T

on Comparison of Mobile Phase

R

Zorhax 0ODS Column A

. Mobile Fhase :

& Composition Capacity Factors 4

_____________________________________________________________ i

H20/MEOH  EtOH i-FPrOH  nr-PrOH  t-BuOH 2-BuOH  n-BuOH 1

90/10 1.0 1.71 2.1 3.8 5.0 6.4 !

80/20 0.9 1.6 1.9 3.5 4,4 5.8 ;

] d

i 70/30 - - - 1.4 2.0 2.23 ;
§ .

; 60/40 - - - 0.9 1.6 2.0 1

!

4

; i
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Legend of Figures

Experimental conditons for Figures 1-4¢

Fiqure 1§

Figure 2.

Figqure 3.

Figqure 4.

Figqure 5.

Mobile phase! Methanol/Hzo S5/795 V/V
10'4 M Methylere blue.
Flow rate! 1.0mL per mine

Detection wavelength!: 6&651nm

Separation of Alphatic Alcohols.

Samples: 1. Methanol 2, Ethaznol 3. isopropanol
4. n~propanol S, t-Butanol 6. 2-Butanol
7. n-Butanol B8, t-amyl alcohol.

Sample size! 10pl, containing Bo‘pg of each

alcohol.

Comparison of Capacity Factors of Alcohols in

Fresence and Absence of Dye. Alcohol numbers

correspond to that of Figure 1. Equation of line

Y = 1.74X0.,99. cor. coeff. = 0,997

Calibration Curves of Various Alcohols,

Dependence of Conbcentration Ratio of Dye!

Alcohol on Capacity Factors.

Dependence of the Amount of Dye on the Column

on Methanol Concentration.
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Figure 1
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Figure 4
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Figure 5
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